LITERATURE REVIEW
Five themes emerge from the literature on sustainability and transportation education that 3 are recommended to guide the pedagogy. Research suggests that implementing these 4 themes will help overcome institutional barriers and better prepare students for the 5 challenges they will encounter in the sustainability and transportation fields. OLIS 6 synthesized these themes into a framework that shaped its pilot Sustainable 7
Transportation course. The themes are outlined in Table 1 The sustainability paradigm's triple bottom line emphasizes environment, economy and social equity. Systems Thinking Approach Systems thinking provides a frame through which to view system connections and influences.
Interdisciplinary Basis
Interdisciplinary education unites a variety of academic disciplines with the goals of providing a well-rounded education and preventing information "silos." Collaborative Leadership
Collaborative leadership builds consensus through a more equitable and open approach to decision making.
Applied Learning
Applied learning emphasizes practical experience. 14 Source: OLIS, University of Oregon, 2013 15 17
The following synopsis describes current thinking on institutional barriers to a 18 new pedagogy and further detail on the research that shaped the OLIS framework for 19 sustainable transportation education. 20 21
Sustainability Education Research 22 23 Academic interest continues to rise in developing new sustainability-oriented programs 24 and encouraging innovative ways to teach them. Educators aim to cultivate a deep and 25 empathetic curiosity in their students that allows them to envision issues from different 26 perspectives, understand and relate to the people affected by those issues, question the 27 values that contribute to global and local systems, and develop solutions that promote a 28 healthy community and planet (1) . 29
In July 2013 the Association for the Advancement of Sustainability in Higher 30
Education (AASHE) Academic Programs database contained 1377 sustainability-focused 31 academic programs at 456 campuses in 63 states and provinces in North America (2). But 32 along with the burgeoning programs come conflicting theories and practices regarding 33 their delivery. Several barriers have been identified that present a challenge to developing 34 a new sustainability pedagogy: institutional disciplinary silos, locating well-trained 35 educators and classroom settings, and legitimizing sustainability as complementary to 36 existing programs. It will be critical to overcome these barriers so that a guiding 1 sustainability pedagogy and accompanying skill set can be developed and shared (3) . 2
This call necessitates action as the field continues to grow, shaping both new 3 disciplines and the ones from which it sprung. Sustainability serves as a potential guiding 4 paradigm for developing curricula that fulfill environmental education program 5 managers' perceptions of core competencies for their students (4). It is also a driving 6 force behind a new generation of transportation professionals (5). Opportunities such as 7
University of Oregon's Sustainable City Year Program capitalize on this movement with 8 an approach that promotes multidisciplinary, applied learning-based frameworks and 9 allows students to confront challenging local sustainability issues. Applied study of local 10 and regional transportation systems and issues is a meaningful way to package relevant 11 theories and practices (6 thinking approach to analyze complex transportation problems and potential solutions, 24 (3) incorporated knowledge from interdisciplinary resources, (4) promoted "softer" skills 25 including communication and leadership, and (5) was motivated by applied learning. 26 OLIS strove to create an experience where students could apply theory to local practice 27 and create useful products for the community. The themes' bearing on transportation 28 planning education and institutional barriers are described below in greater detail along 29 with the pedagogical strategies OLIS used to implement the framework in the classroom. 30 31
Sustainability Foundation 32 33
Transportation choices are one of the main determinants of the sustainability of the urban 34 environment. Legacy transportation system decisions from the industrial era have 35 influenced the urban form of our cities (19, 20) and are now considered a major factor 36 contributing to climate change (21). Any effort to reform transportation planning and 37 engineering pedagogies must be centered on a paradigm of sustainability to face climate 38 change and population growth and cultivate cities' livability and their inhabitants' quality 39 of life. This theme addresses the barrier of integrating sustainability concepts with 40 existing curriculum. 41 42
Pedagogical Strategies: 43
• Couched the discussion of transportation within the framework of 44 sustainability's 3P's: people (meeting the basic needs of all citizens and improving their 45 quality of life), prosperity (promoting sound economic development), and planet (doing 1 so in a way that minimizes environmental impact and promotes environmental benefits). 2
• Cultivated a forward-thinking, nimble and responsive approach to studying 3 current situations, proposed alternatives and cutting-edge innovations. 4
• Analyzed current best practices in sustainable urban design and transportation, 5
including Smart Growth, complete streets, multimodal transportation, scenario planning 6 and demand management. 7 8
Systems Thinking Approach 9 10
Transforming transportation from an automobile-centered system to one founded on 11 myriad accessibility and mobility options ultimately requires a paradigm shift to a new 12 system. Systems thinking will help students better work with transportation as it exists 13 today, shape it to meet future needs and recognize the opportunities it presents (22) . This 14 theme addresses the barriers of disciplinary silos and alternative content. 15 16
Pedagogical Strategies: 17
• Analyzed how prior and current theory, policy, economy and practices created 18 today's transportation systems and their guiding paradigms. 19
• Studied and suggested alternative paradigms that address health, the 20 environment and economic opportunity through the lens of transportation. 21
• Reviewed the elements, interconnections and purposes of transportation systems. 22
• Considered sustainable transportation's role in urban resilience. 23
• Discussed system diversity via multimodal transportation options. 24 25
Interdisciplinary Basis 26 27 Transportation is inherently an interdisciplinary field, but one which has historically been 28 reduced to an approach that aims to pave its way out of urban problems (23 OLIS gathered a series of qualitative responses to the course and its framework to gauge 9 its influence on those involved, including students, educators, the Department and 10 University, and the project clients. Students found that the projects were a strong 11 component of the course and appreciated the real-world application they provided. 12
Educators found the co-teaching arrangement beneficial to the applied learning project 13 and discovered that it created more flexibility for project facilitation and management. 14 The Department of Planning, Public Policy and Management responded to the 15 course's success by ensuring that Sustainable Transportation is integrated into its ongoing 16 curriculum for OLIS students and others pursuing their graduate studies. Every new 17 endeavor offers success stories and room for improvement in subsequent iterations. Table  18 3, below, provides a snapshot of these outcomes for the OLIS Sustainable Transportation 19 pilot course based on feedback from student evaluations, instructor interviews, and 20 program and client observations. 21 22 Successes Sustainability Foundation • Curriculum offered a broad perspective and useful introduction to transportation planning through the lens of sustainability.
Interdisciplinary Basis
• Guest speakers provided insight and networking opportunities.
• Class projects built bridges between the OLIS program and City departments working on climate change, planning and transportation.
• Clear and well-researched curriculum facilitated the class's integration into UO's Department of Planning, Public Policy and Management.
Applied Learning Priority
• Applied learning projects were relevant and provided a useful snapshot of the many facets of sustainable transportation planning.
• Co-teaching arrangement allowed educators to spend more time as needed on project facilitation.
Opportunities for Improvement

Systems Thinking Approach
• Students would benefit from additional critical thinking about the roles that accessibility and mobility play in a community's resilience.
Collaborative Leadership and Communication Emphasis
• Student-led classroom facilitation was a worthwhile goal, but overall, students lacked classroom engagement techniques.
• Some students encountered unclear directions from their clients during the project work.
Applied Learning Priority
• Group projects provided a rich opportunity for learning, but presented some of the common issues that arise when working with teams, such as inequities in team member participation and communication barriers.
• Program and student ambition must occasionally be tempered by the realities of what can be accomplished during a project that comprises only one piece of students' demanding graduate schedules.
• Original project scopes may have been better suited to a semester schedule than the University's fast-paced 10-week quarters.
• Students were not equipped with resources to handle heavy statistical analysis, slowing some projects down and creating confusion about assigned tasks.
Recommendations Collaborative Leadership and Communication Emphasis
• Facilitate or encourage frank initial group discussions of expectations and work styles as soon as project teams are set up to reduce potential friction and improve teamwork by encouraging empathy, understanding and respect.
• Promote frequent program-client communication at an organization's various levels to help relieve burden placed on students receiving conflicting information from their clients.
• Include public engagement and facilitation strategies in OLIS leadership track to improve student-led collaborative learning experiences. Committee attended the student presentations. 5
The local progressive newspaper, Eugene Weekly, featured the class projects as a 6 lead story and credited the students with launching a "sustainable transit revolution" (38) . 7
While transportation agencies and advocates in Eugene have in fact been making great 8 strides toward sustainability for some time, this press response does indicate a growing 9 interest in sustainable transportation and highlights the opportunities that academic 10 institutions and their students have to contribute to raising awareness and igniting 11 behavior change in their local communities. 12
In the months that have passed since the student projects were completed, their 13 impact continues to unfold on campus and with the City of Eugene and Lane Transit 14
District. This course and its guiding framework attempted to surmount the previously-identified 26 barriers to developing and implementing a new pedagogy for sustainability. It encouraged 27 both students and educators to reach beyond disciplinary silos and adopt a holistic 28 worldview that allowed them to envision a range of reasons for and solutions to real-29 world problems. Working with formal educators in the classroom and informal educators 30 outside of the classroom through the applied learning projects acknowledged the 31 challenges both physically and pedagogically built into in a university setting. These 32 relationships moved the students out of campus facilities that were less conducive to 33 active learning and into a more expansive learning environment. In sharing the successful 34 outcomes of the sustainable transportation course, OLIS can provide other departments 35 and disciplines with an on-the-ground success story and a replicable model. 36
An additional barrier to consider is the need for a paradigm shift for students who 37 are accustomed to a lecture-style learning environment and who find themselves troubled 38
by collaborative learning models. Part of the expectations and expense of graduate school 39 are tied to the opportunity to learn from educators with a wealth of research and 40 resources, and students may be required to change their expectations when facing an 41 experience where they are learning from their peers. Educators and their students would 42 benefit from testing and reflecting on different methods by which to focus and implement 43 active, student-led learning. 44
As a framework for an emerging pedagogy in sustainable transportation, in many 45 ways the class validated the thinking in the current literature. Each of these students 46 TRB 2014 Annual Meeting
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joined the program because of his or her personal belief in the goals of sustainability and 1 its potential to build more resilient communities. This type of student will likely become 2 only more prevalent as today's youth look to themselves as change agents for a swiftly 3 evolving planet. It became obvious that teaching transportation as a whole and complex 4 system made for a broader perspective on the paradigm that has led to its current state. 5
Analyzing problems and solutions across and outside the discipline, students reported 6 garnering a more expansive understanding of the connections between land use, 7 transportation, health, the economy and the environment. Based on interactions with their 8 professional collaborators, the students found that being able to communicate effectively 9 with stakeholders from a full spectrum of disciplines was of paramount importance. 10
Capably building and presenting convincing arguments, while being open to feedback 11 and change, will help make these students strong and collaborative leaders in their 12 agencies and communities. The eager reaction from University and City staff as willing 13 project participants, the appearance of many community, University and local 14 government representatives at the student presentations, and the media response suggest 15 that the applied learning projects and their process were indeed current and relevant. 16
Viewed through the "Gestaltungskompetenz" lens, the framework may have 17 benefited from an empathy theme that emphasized building deeper connections with the 18 local community. To be relevant to this course, specific subsets of the community might 19 include those most affected by accessibility and mobility concerns that can be addressed 20 by the realm of sustainable transportation. Whether empathy can in fact be taught is a 21 difficult question, but training students in matters of equity and bringing them out of 22 academia and into the public realm via applied learning projects would be a valuable 23 starting point. 24 25 CONCLUSION 26 27
The OLIS framework for the Sustainable Transportation course provided the cohort of 28 sustainability generalists with an understanding of technical tools and, along with other 29 programming, helped them to become responsive and collaborative leaders and 30 communicators. Both the sustainability and transportation academic fields would benefit 31 from encouraging students from diverse backgrounds to take their courses, fostering 32 greater interdisciplinary connections and filling out the field so that students pursuing 33 other disciplines will later include transportation concerns in their decision making. OLIS 34 found working within the framework to be beneficial to its program development and 35 will apply the model to the program's other courses. 36
Further refining the sustainability and transportation pedagogies has broad 37 implications for higher education. Teaching requires significant advance preparation, 38 great capital investment and excellent tools. Primary, secondary and even undergraduate 39 educators have access to tools that help guide the delivery of their curricula. Graduate 40 programs are required to be state-of-the-art, and program emphasis is on content. But 41 there are fewer explicit techniques that describe the methodology with which to impart 42 the knowledge and skills graduate students will need to meet the increasingly complex 43 demands of the workplace and the world. 44
As financial crises continue to affect university systems and students, universities 45 must promote internal systemic resilience by adapting their methods and endorsing lower 46 TRB 2014 Annual Meeting
cost, higher return investments that offer a sustainable experience for their educators 1 along with applied learning for their students and products their communities can use. 2
Applied learning projects such as the ones these students undertook galvanize support 3 within agencies, energizing projects and bringing them to the forefront of community 4 attention. Program frameworks that promote sustainability, systems thinking, 5 interdisciplinary connections, collaborative leadership, and applied learning merit further 6 investigation. The field would also benefit from an in-depth look at specific graduate-7 level tools for active and collaborative learning, appropriate ways to develop facilitation 8 skills through regular curricula, and approaches for shifting student and educator 9 paradigms about new pedagogical experiences. 10 11 ACKNOWLEDGMENT 12 13
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